Since the 1960's polysomnographic sleep research has demonstrated that depressive episodes are associated with REM sleep alterations. Some of these alterations, such as increased REM sleep density, have also been observed in first-degree relatives of patients and remitted patients, suggesting that they may be vulnerability markers of major depressive disorder (MDD), rather than mere epiphenomena of the disorder. Neuroimaging studies have revealed that depression is also associated with heightened amygdala reactivity to negative emotional stimuli, which may also be a vulnerability marker for MDD. Several models have been developed to explain the respective roles of REM sleep alterations and negatively-biased amygdala activity in the pathology of MDD, however the possible interaction between these two potential risk-factors remains uncharted. This paper reviews the roles of the amygdala and REM sleep in the encoding and consolidation of negative emotional memories, respectively. We present our 'affect tagging and consolidation' (ATaC) model, which argues that increased REM sleep density and negatively-biased amygdala activity are two separate, genetically influenced risk-factors for depression which interact to promote the development of negative memory bias -a well-known cognitive vulnerability marker for depression. Predictions of the ATaC model may motivate research aimed at improving our understanding of sleep dependent memory consolidation in depression aetiology.
Introduction
Depression is a complex affective disorder associated with symptoms such as sad mood, fatigue, anhedonia and suicidal ideation (American Psychiatric Association, 2013) . Major depressive disorder (MDD) is the leading cause of disability in developed countries, and is experienced by around 20% of individuals at some point in their life (Kessler et al., 2003) . It is recognised that MDD is a multifactorial disease, meaning that it may be caused by a wide range of hereditary and environmental factors (Bembnowska & Jośko-Ochojska, 2015) .
Since the publication of Beck's cognitive model of depression (Beck, 1967) , a large body of empirical evidence has emerged demonstrating a relationship between negative biases in cognition and depression (Bourke, Douglas, & Porter, 2010; Everaert, Duyck, & Koster, 2014; Gaddy & Ingram, 2014; Naudin et al., 2014) . For example, relative to healthy controls, individuals with depression tend to exhibit superior recall performance for negative emotional information (Everaert et al., 2014; Gaddy & Ingram, 2014) . In accordance with Beck's model, findings from longitudinal cohort studies and cognitive bias modification (CBM) studies have demonstrated that this 'negative memory bias' can play a causal role in the onset and maintenance of depressive symptoms (Newby, Lang, Werner-Seidler, Holmes, & Moulds, 2014; Sumner, Griffith, & Mineka, 2010) . Memory bias in MDD is thought to be related to altered patterns of functional activity in the amygdala, a limbic structure implicated in the encoding of emotional material (Elliott, Zahn, Deakin, & Anderson, 2011) .
A separate line of research reveals that MDD vulnerability and depressive episodes are reliably associated with increased REM sleep density and increased REM sleep duration, respectively (Luik, Zuurbier, Whitmore, Hofman, & Tiemeier, 2015; Palagini, Baglioni, Ciapparelli, Gemignani, & Riemann, 2013; Pillai, Kalmbach, & Ciesla, 2011) . Studies in healthy participants demonstrate that both REM sleep density and REM sleep duration during the consolidation interval following encoding of emotional and neutral stimuli correlates positively with memory performance for negative but not neutral stimuli (Gilson et al., 2015; Nishida, Pearsall, Buckner, & Walker, 2009; Payne, Chambers, & Kensinger, 2012) . These findings support the notion that REM sleep plays a selective role in the consolidation of negative emotional memories (Goldstein & Walker, 2014; Walker & van der Helm, 2009 ). Consid-
